Genotype frequencies of gravid females and their offspring, of non-gravid females, and of adult males were measured for the Mpi locus in a natural population of the amphipod Platorchestia platensis. These gave tests of gametic, sexual, fecundity and zygotic selection. The genotype distribution of adult males was significantly different from that of adult females. There were more heterozygous males than expected, suggesting that zygotic selection and not immigration produced the difference between the sexes.
INTRODUCTION
Few studies of enzyme loci have attempted to measure selection in natural populations. Fewer still have measured more than one component of selection; among the only loci for which gametic, fecundity, sexual, and zygotic selection have been measured in natural populations of animals are the loci coding for esterase in Zoarces viviparus (Christiansen et al., 1973 (Christiansen et al., , 1977 , lactate dehydrogenase in Porcellio scaber (Sassaman, 1978) , phosphoglucose isomerase in Sphaeroma rugicauda (Heath et a!., 1988) , and three loci in Peromyscus maniculatus Baccus, 1981, 1983; Snyder, 1983) . All components but fecundity have been measured for two loci in Gammarus oceanicus (Siegismund, 1985a) . Such studies may help answer a number of questions about selection and enzyme loci: Could enzyme polymorphisms be maintained by simple one-locus overdominance, or are more elaborate models needed? How large are fitness differences among genotypes of enzyme loci? Is variation in fitness so large that selection resulting entirely from the enzyme locus itself is unlikely?
Like many other peracarid crustaceans, the amphipod Platorchestia platensis is a suitable species in which to measure components of selection. Females carry the eggs and newly hatched young in a brood pouch. Newly released young remain, like adults, nestled under wrack in the upper intertidal zone; there is no planktonic stage.
The main breeding season is in the spring.
Although a few individuals which are born in the spring breed in the summer or early fall, most breed when they are a year old, then die by midsummer (Bock, 1967; Morino, 1978; Behbehani and Croker, 1982) ; thus generations are largely discrete and non-overlapping. The main breeding season on the north shore of Long Island lasts from early May to late June (J. H. McDonald, unpublished observations).
The Mpi locus in P. platensis codes for the enzyme mannose-6-phosphate isomerase (EC 5.3.1.8). The two alleles at this locus, Mpi9°a nd Mpit00, exhibit a consistent pattern of geographic differentiation, with Mpi9° more common on protected beaches than on exposed beaches (McDonald, 1987) . The regularity of this pattern is evidence that it results from selection, although not necessarily that selection is ongoing in every population. Here I report evidence ofzygotic selection within a single population.
METHODS

Sample collection
All samples were collected from a beach on the west side of Setauket Harbor, on the north shore of Long Island, New York. Amphipods were captured by hand from under the debris at the high tide line. On 2 May 1986 and 25 April 1987, females carrying eggs were collected for analysis of fecun-dity; each was put into an individual vial to prevent loss of eggs. The eggs were removed from the brood pouch and counted, and the females were lyophilized and weighed. On 6 and 8 May 1986 (the "early May 1986" sample) and 29 and 31 May, 1986 ("late May 1986"), females carrying newly hatched young or well-developed embryos were collected. These females could be distinguished in the field from those females with eggs and less-developed embryos, because eggs and early embryos are blue, while late embryos and hatched young are orange. These females were also kept in individual vials, and after removing and counting the young, four offspring from each female were saved for electrophoresis. Males large enough to be distinguished from females in the field were collected on 6 and 8 May 1986, and included in the early 
Electrophoresis
Electrophoretic methods are given in McDonald (1987) . Adult amphipods were lyophilized and weighed before electrophoresis; this had no effect on the allozyme patterns. All the individuals run were successfully scored. Females and their offspring were run on separate gels and scored independently, to avoid any bias against discordant results.
Data analysis I sampled four offspring from each brood because I hoped to use the extended selection component analysis of Siegismund and Christiansen (1985) , which requires at least three offspring per mother. This method depends on the assumption of single paternity of each brood; unfortunately, results from a multi-allelic peptidase locus indicated that some broods of P. platensis had more than one father (J.H. McDonald, unpublished data). Therefore I used the simple selection component analysis of Christiansen and Frydenberg (1973) . Because this analysis does not assume single paternity of broods, it confounds male gametic and sexual selection in a single test and fails to detect certain patterns of non-random mating and male sexual selection. The sequence of hypotheses tested and the methods of testing used here follow Christiansen eta!. (1973 Christiansen eta!. ( , 1977 , with two modifications: (1) Estimates of transmitted male gamete frequencies were made using all four offspring of each female. The sample size of each gamete was divided by four for the statistical tests, as if only one male gamete per female had been sampled. In fact many broods contain both male gamete types; since in the initial analysis all of the tests involving male gametes were far from significance, the statistical contortions required to extract the maximum information about male gametes seemed unnecessary. (2) Instead of chi-square tests, Gtests of heterogeneity and goodness-of-fit were used throughout the analysis (Sokal and Rohlf, 1981) . Where a component was analysed in more than one sample, the total G value is the sum of the G values from each sample.
RESULTS
The selection component analysis consists of a series of hypothesis tests, several of which depend on acceptance of the preceding null hypothesis. Christiansen and Frydenberg (1973) Female garnet/c selection In the absence of gametic selection in females, half the offspring of heterozygous females should be heterozygotes. This expectation is unaffected by multiple paternity, so all the offspring of heterozygous females were used. These was no evidence of gametic selection in females. Of 300 apparently homozygous females, none carried offspring with the other homozygous phenotype, so there was no evidence for null alleles in this population. This is in contrast to Mpi in G. oceanicus, where 4 of 223 homozygous females with offspring had discordant offspring, indicating a null allele with a frequency of 001 (Siegismund, 1985b) .
Random mating
The paternal allele can be inferred for all offspring except heterozygous offspring of heterozygous females. Having accepted the hypothesis of no female gametic selection, the frequency of each In 1986 only gravid females were collected, and the test conservatively assumes only one offspring therefore female sexual selection could not be adults in either sex, so samples from the two years were pooled for the remaining tests.
Male gametic and sexual selection
Because of the multiple paternity of broods, only allele frequencies of male parents, not genotype frequencies, can be estimated. Therefore patterns of over-or underdominant selection which did not change allele frequencies would not be detected. In addition, male gametic and sexual selection are confounded into a single test of the hypothesis that the allele frequencies in the transmitted male gametes are the same as those in the adult males. The inferred male gamete frequencies in the two 1986 offspring samples were first compared; they were not significantly different and were pooled. The pooled sample of male gametes was then compared to the total adult male sample. They were not significantly different.
Juvenile zygotic selection
The first test involving this component compared the genotype distributions of adult males and females, to determine whether juvenile zygotic selection-differences in viability occurring before adulthood-had the same effect on each sex. The genotype frequencies of the two sexes were sig- there is a significant difference in genotype distribution between the sexes, the sexes cannot be pooled. instead the expected distribution is calculated by taking into account the difference in allele frequency between the sexes, yielding a slightly higher frequency of heterozygotes than the usual Hardy-Weinberg proportions. The genotypic distribution of each sex can be compared to this expected zygotic distribution; the difference was barely significant for males (G = 637, P = OO4, 2 df) but not for females (G = 2O7, P = O36, 2 df). These tests are not, however, independent of the test of the difference between the sexes: a difference in allele frequencies between the sexes would cause the genotype distributions of the sexes to differ from each other, and it would also cause the distribution of each sex to differ from the expected distribution derived from both sexes. The com- fore cause apparent differences in genotype frequencies. All the adults were lyophilized and weighed; analysis of variance of log-transformed dry weights did not reveal significant heterogeneity in dry weight among genotypes for any sample of either sex, so size-related artifacts do not seem to be a problem. The fitness of each Mpi genotype relative to the heterozygote was estimated for adult males, adult females, and combined adults (with both sexes weighted equally). These fitness estimates (Christiansen and Frydenberg, 1973 ), large differences in other components of fitness easily could have been undetected. For comparison, relative fitnesses were also calculated for several other studies which have demonstrated selection at enzyme loci in natural populations of animals (table 5) . In each case, the fitnesses relative to the genotype with the greatest fitness are listed. These are all partial fitnesses involving a single selection component, not overall net fitnesses.
One question which can be examined is whether simple overdominance might maintain the polymorphism. At five of the eight loci listed (including the non-significant result for total zygotic selection of Mpi in P. platensis), the heterozygote had the greatest fitness. This is sufficient to maintain a two-allele polymorphism.
The homozygote of the rarer allele had higher fitness for two components of selection of Pgi in S. rugicauda; however, gametic selection favoured the common allele in a way that could yield a balanced polymorphism (Heath et a!., 1988) . The common homozygote had higher fecundity than heterozygotes for Pgi in Asellus aquaticus (Shihab and Heath, 1987 that zygotic selection may favour heterozygotes at some times of the year (Shihab and Heath, 1987b) . Heterozygotes appeared to have the lowest zygotic fitness at the Est locus in the fish Z. viviparus, and extensive studies have not revealed a counteracting selection component that would result in a balanced polymorphism (Christiansen et a!., 1973 (Christiansen et a!., , 1977 ; one possibility is that heterozygotes swim slightly faster and were better able to escape being caught in the nets. When selection is detected in natural populations, it is unknown whether the differences in fitness result entirely from the locus examined or whether other loci in gametic disequilibrium also contribute. Since only a few independent loci could simultaneously exhibit large variation in fitness, an observation of such large variation suggests that a group of loci in gametic disequilibrium may be responsible. For example, a male heterozygous for the Pgi locus in Colias eurytheme is three times as likely to mate as a homozygote, and a male heterozygous for G6pd has over four times the mating success of a homozygote (table 5 ). In contrast, the fairly small differences in fitness among Mpi genotypes in P. platensis leave open the possibility that selection may result entirely from the Mpi locus itself.
